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APPARATUS FOR SENDING RINGING SIGNAL 



BACKGROUND OF THE INVENTION 

1. Field of the Invention 

5 The present invention relates to a ringing signal 

sending apparatus, and more particularly to an apparatus 
for sending a ringing signal to inform the called terminal 
of the presence of an incoming call addressed to it. 

2. Description of the Related Art 

10 Telephone exchanges employ subscriber interface 

units to provide various control functions over local loop 
connections , such as handling of incoming and outgoing 
calls to/from customer premises equipment, or telephone. 
Sending a ringing signal (or call signal) is one of those 

15 subscriber interface functions. The subscriber interface 
unit notifies a remote telephone set that there is an 
incoming call addressed to it, by sending a predetermined 
pattern of ringing and silent intervals. 

FIG. 20 shows the duty cycle and waveform of a 

20 typical ringing signal. The ringing signal is an alternate 
current (AC) signal with a frequency of 20 to 25 Hz 
superimposed on a certain direct current (DC) bias voltage 
(e.g., -48 volts). The very first cycle of ringing and 
silence is referred to as the "initial ringing cycle"; 

25 similar cycles that follow are called the "cadence ringing 
cycles." The illustrated signal has a duty cycle of 1.2- 
second ringing and 2.8-second silence for the initial 
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ringing cycle, and 1.2 -second ringing and 3.0 -second 
silence for the cadence ringing cycles. The subscriber 
interface unit supplies the called telephone set with a 
ringing signal with such a cyclic pattern, 
5 The silent period in the initial ringing cycle is 

often used to provide various service functions, during 
which a data transfer path is established between the 
called telephone set and the local exchange. For example, 
the customer can see the caller's phone number displayed 

10 on his/her telephone set when an incoming call is 
signified. This service, known as the "caller number 
display" or "calling line identification presentation" 
(CLIP), exploits the silent period in the initial ringing 
cycle to transfer the originating phone number information. 

15 FIG. 21 shows subscriber interface units, where 

the function of sending a ringing signal is illustrated in 
a simplified form. Here, a plurality of subscriber 
interface units 101-1 to 101-n are installed in a 
telephone exchange 100. The subscriber interface unit 101- 

20 1 comprises a relay switch 111, a feed voltage source 112, 
and a ringing voltage source 113. The illustrated 
subscriber interface unit 101-1 supports only one channel 
for simplicity. In the actual implementations, however, a 
single subscriber interface unit serves multiple telephone 

25 channels (e.g., 32 channels). 

The terminal "a" of the relay switch 111 is 
connected to the feed voltage source 112, which produces a 
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feed voltage of -48 volts. The terminal "b" is connected 
to the ringing voltage source 113, The terminal "c" is 
connected to a telephone set 20 through the ring wire 
(also called "B wire") of its local loop. The terminal "e" 
5 is grounded. The relay switch 111 is actuated by a driving 
command supplied to its terminal "d. " The tip wire (also 
called "A wire") extending from the telephone set 20 is 
grounded at the subscriber interface unit 101-1. 

Suppose here that the telephone exchange 100 is to 

10 send a ringing signal to the telephone set 20. This 
process is initiated by giving a driving command to the 
relay switch 111. The armature contact (sw) of the relay 
switch 111 then moves to the "b" side. This creates a 
circuit that connects the ring wire with the ringing 

15 voltage source 113, thus sending out a ringing signal to 
the telephone set 20. 

Referring to FIG. 22 , a conventional subscriber 
interface unit 101, which is configured as above, is 
electrically connected to a telephone set 20 via tip and 

20 ring wires. When modeling the telephone set 20 and 
subscriber line for transient analysis, one should 
consider their inductance and stray capacitance. The lower 
half of FIG. 22 shows such parasitic components. In this 
model, the telephone set 20 is represented as an inductor 

25 L21 and a capacitor C21 connected in series between the 
tip and ring wires. The tip wire itself is modeled by 
series inductors L22 and L23 and a capacitor C22 
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representing its stray capacitance to the ground. Likewise, 
the ring wire is modeled by series inductors L24 and L25 
and a capacitor C23 representing its stray capacitance to 
the ground. Further, there is a parallel capacitor C24 
5 between the tip and ring wires . 

The above -described parasitic components may cause 
noise interference, particularly when the subscriber 
interface unit 101 is sending a ringing signal. At every 
transitional point between a ringing period and a silent 

10 period, it is likely that the parasitic inductors produce 
counter electromotive forces, and the parasitic capacitors 
discharge their electric energy, thus causing impulse 
noises. Since the subscriber interface unit 101 

simultaneously handles many telephone channels, such 

15 impulse noises developed on a channel may cause interfere 
with its adjacent channels via closely arranged wiring 
patterns on the print circuit board. Frequent impulses on 
a channel would be heard by the user of an adjacent 
channel as unpleasant crosstalk noises. 

20 As previously mentioned, a single telephone 

exchange 100 is designed to accommodate many subscriber 
interface units 101. This means that impulse noises 
developed on a certain unit could reach the adjacent units 
through the wiring on the backplane, causing adverse 

25 effects on their operation. 

As described earlier in FIG. 20, the telephone 
exchange 100 establishes a path to a remote telephone set 
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20 to transport data during the silent period in the 
initial ringing cycle. Conventionally, however, the 
hardware of the subscriber interface unit 101 is 
configured to maintain the established path in the cadence 
5 ringing cycles that follow. In other words, an unnecessary 
path is activated during such silent periods that have no 
data to send. This brings about a practical problem. To 
activate a data transfer path is to reduce the impedance 
of the loop. This low loop impedance helps the development 
10 of larger impulse noises, making it difficult to suppress 
them. 



SUMMARY OF THE INVENTION 
Taking the above into consideration, an object of 

15 the present invention is to provide a ringing signal 
sending apparatus which improves the quality of 
communication signals by effectively suppressing the 
development of impulse noises . 

To accomplish the above object, according to the 

20 present invention, there is provided an apparatus for 
sending a ringing signal to notify a called terminal of 
the presence of an incoming call addressed thereto. This 
apparatus comprises the following elements : a ringing 
voltage generator which generates a ringing voltage; a 

25 ringing signal sending unit for sending out a ringing 
signal over a subscriber line by outputting the ringing 
voltage with a predetermined duty cycle of a ringing 
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period and a silent period; a data transfer unit which 
performs a data transfer to the called terminal over the 
subscriber line during one of the silent periods; a feed 
impedance setting unit which provides a high- impedance 
5 feed voltage; and a feed impedance selection unit which 
selects a low- impedance feed voltage in the one of the 
silent periods during which the data transfer is performed, 
and selects the high- impedance feed voltage in the other 
silent periods during which no data transfer is performed, 
10 The above and other objects, features and 

advantages of the present invention will become apparent 
from the following description when taken in conjunction 
with the accompanying drawings which illustrate preferred 
embodiments of the present invention by way of example. 

15 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a conceptual view of a ringing signal 
sending apparatus according to the present invention; 

FIG. 2 is a schematic diagram of the proposed 
20 ringing signal sending apparatus; 

FIG. 3 is a timing diagram which explains the 
operation of the proposed ringing signal sending 
apparatus ; 

FIG. 4 is a diagram which shows the waveform of a 
25 ringing signal that is produced by the proposed apparatus; 

FIG. 5 is a timing diagram which shows a ringing 
signal generation process where no data transfer is 
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performed; 

FIG. 6 is a diagram which shows the waveform of a 
ringing signal that is produced in the process of FIG. 5; 

FIG. 7 is a diagram which shows a variation of the 
5 proposed circuit configuration; 

FIGS. 8(A) and 8(B) are diagrams which clarify the 
difference between the two switch control methods; 

FIG. 8(A) shows a first set of switch control 
patterns which apply to the ringing signal sending 
10 apparatus of FIG. 2; 

FIG. 8(B) shows a second set of switch control 
patterns which apply to the modified ringing signal 
sending apparatus shown in FIG. 7; 

FIG. 9 is a schematic diagram of another ringing 
15 signal sending apparatus which has a resistor being 
connected to its ringing signal bias voltage source; 

FIG. 10 is a schematic diagram of still another 
ringing signal sending apparatus which has a resistor 
being connected to its ringing voltage source; 
20 FIG. 11 is a schematic diagram of a yet another 

ringing signal sending apparatus which has a resistor 
being located at the output of its ringing voltage 
generator; 

FIG. 12 is a diagram which shows a ringing signal 
25 pattern PT1; 

FIG. 13 is a timing diagram which shows how the 
proposed apparatus generates the ringing signal pattern of 
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FIG. 12; 

FIG, 14 shows another ringing signal pattern PT2; 
FIG. 15 is a timing diagram which shows how the 
proposed apparatus generates the ringing signal pattern of 
5 FIG. 14; 

FIG. 16 is a timing diagram which shows how the 
proposed apparatus generates still another ringing signal 
pattern PT3; 

FIGS. 17 to 19 are timing diagrams which show some 
10 variations for the ringing signal patterns explained 
earlier; 

FIG. 20 is a diagram which shows the duty cycle 
and waveform of a typical ringing signal; 

FIG. 21 is a diagram which shows a conventional 
15 subscriber interface unit; and 

FIG. 22 is a diagram which shows parasitic 
components on a telephone set and subscriber line. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
20 Preferred embodiments of the present invention 

will be described below with reference to the accompanying 
drawings . 

FIG. 1 is a conceptual view of a ringing signal 
sending apparatus according to the present invention. This 
25 ringing signal sending apparatus 10 is employed in a 
telephone exchange 1 to provide a ringing signal to notify 
a called terminal (telephone set 20) of the presence of an 
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incoming call addressed to it. This signal is sent over a 
subscriber line comprising a tip and ring wires to 
activate the ringer circuit in the called terminal- Thus 
the ringing signal sending apparatus 10 may be called the 
5 "ring generator" or "ringing generator." 

More specifically, the ringing signal sending 
apparatus 10 comprises the following elements: a ringing 
voltage generator 11, a ringing signal sending unit 12, a 
data transfer unit 13, a feed impedance setting unit 14, a 

10 feed impedance selecting unit 15, and a path set-up unit 
16. The ringing voltage generator 11 produces a ringing 
voltage, which is actually an AC voltage with a frequency 
of 20 to 25 Hz superimposed on a prescribed DC bias 
voltage (e.g., -48 V). The ringing signal sending unit 12 

15 sends a ringing signal to the telephone set 20 over the 
subscriber line. This ringing signal consists of ringing 
periods and silent periods which will appear alternately 
with a prescribed duty cycle. The subscriber line is 
driven with the above-mentioned AC ringing voltage during 

20 each ringing period, while no AC signal is provided during 
the silent periods. 

The path set-up unit 16 establishes a path to the 
telephone set 20 only when a data transfer is required. 
The data transfer unit 13 sends data to the telephone set 

25 20 through the established path, using one of the silent 
periods. FIG. 1 illustrates a situation where a data 
transfer path is established solely in the silent period 
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of the initial ringing cycle to send a caller phone number 
"012-345-6789" as a CLIP service function. In the case no 
such service functions are required, the data transfer 
unit 13 and path set-up unit 16 can be eliminated. 
5 The feed impedance setting unit 14 provides a 

high- impedance feed voltage to drive the subscriber line. 
The term "high- impedance feed" refers to one type of power 
feeding and used in contrast to the term "low- impedance 
feed." The specifics of this unit 14 will be described in 

10 a later section. The feed impedance selecting unit 15 
chooses a low- impedance feed voltage to drive the 
subscriber line during a specific silent period where a 
data transfer is to be performed. It chooses, in turn, a 
high -impedance feed voltage in other silent periods during 

15 which no data transfer is scheduled. In the example of FIG. 
1, a low- impedance feed voltage is supplied in the silent 
period of the initial ringing cycle, while a high- 
impedance feed voltage is used in those in the cadence 
ringing cycles. This is because the ringing signal sending 

20 apparatus 10 uses the first silent period to transport 
data. 

As described above, the ringing signal sending 
apparatus 10 of the present invention is designed to 
choose low- impedance power feeding in an attempt to send 
25 data during a silent period, while selecting high- 
impedance power feeding during other silent periods when 
no data transfer takes place. This configuration 
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effectively suppresses most impulse noises for the 
following reason. As seen from FIG. 1, the ringing signal 
consists of ringing periods and silent periods, and in 
general, impulse noises are likely to occur at their 
5 transitional points. In the proposed system, however, this 
does not apply to the transitional points in the cadence 
ringing cycles (e.g., P3, P4), because the subscriber line 
is driven with a high- impedance feed voltage during those 
silent periods. While impulse noises may occur at the 

10 first two transitional points PI and P2 in the initial 
ringing cycle, the proposed configuration effectively 
suppress the development of impulse noises for the most 
part of the ringing sequence. 

Another point of the present invention is that the 

15 proposed ringing signal sending apparatus sets up a data 
transfer path only when it is required. This feature 
minimizes the number of silent periods that will be 
brought into a low impedance state, thus reducing the 
impulse noises on the ringing signal. 

20 Referring now to the schematic diagram of FIG. 2, 

the next section will describe a specific configuration of 
the proposed ringing signal sending apparatus 10. 

The illustrated ringing signal sending apparatus 
10 comprises a ringing voltage generator 11a, a subscriber 

25 line circuit (SLIC) 13a, a switch controller 15a, relay 
switches SW1 to SW4 , and other discrete components. The 
switch controller 15a receives a control signal C from the 
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telephone exchange 1, which specifies how long each 
ringing period and silent period should be. According to 
this control signal C, the switch controller 15a turns or 
and off the relay switches SW1 to SW4 . While those of 
5 ordinary skill in the art will understand that some 
equivalent components can be realized with semiconductor 
technologies, the relay switches SW1 to SW4 are 
electromechanical relays. These relay switches SW1 to SW4 
contain coils LI to L4, respectively, which receive a 

10 driving current from the switch controller 15a through 
their "d" terminals. With this configuration, they serve 
as what have been described as the ringing signal sending 
unit 12 and feed impedance selecting unit 15 in FIG. 1. 
Also, the ringing voltage generator 11a in FIG. 2 

15 corresponds to the ringing voltage generator 11 in FIG. 1, 
and the SLIC 13a in FIG. 2 serves as the data transfer 
unit 13 in FIG. 1. The function of the feed impedance 
setting unit 14 in FIG. 1 is provided in FIG. 2 by two 
resistors R3 and R4. 

20 The SLIC 13a supplies the telephone set 20 with a 

voltage of -48 VDC via the subscriber line, when it is in 
the off -hook state. When sending to it a ringer signal, 
the SLIC 13a performs a data transfer over the subscribe 
line, using a prescribed time slot such as the silent 

25 period in the initial ringing cycle. 

The following section will describe how the 
components are interconnected in the proposed ringing 
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signal sending apparatus 10, The telephone set 20 is 
connected to one end of the resistor Rl, as well as to the 
terminal "c" of the relay switch SW1, through the tip wire. 
The other end of the resistor Rl is connected to the 
5 terminal "b" of the relay switch SW1, one end of the 
resistor R3, and the ground terminal (GND) of the SLIC 13a. 
Regarding the relay switch SW1, its terminal "a" is 
connected to the terminal "c" of the relay switch SW3; its 
terminal "e" is grounded; and its terminal "d" is 

10 connected to the switch controller 15a. Regarding the 
relay switch SW3, its terminals "a" and "e" are grounded; 
its terminal "b" is connected to the other end of the 
resistor R3; and its terminal "d" is connected to the 
switch controller 15a. The telephone set 20 is also 

15 connected to one end of the resistor R2, as well as to the 
terminal "c" of the relay switch SW2, through the ring 
wire. The other end of the resistor R2 is connected to the 
terminal "b" of the relay switch SW2, one end of the 
resistor R4, and the terminal BATT (-48V feed power 

20 source) of the SLIC 13a. Regarding the relay switch SW2, 
its terminal "a" is connected to the terminal "c" of the 
relay switch SW4; its terminal "e" is grounded; and its 
terminal "d" is connected to the switch controller 15a. 
Regarding the relay switch SW4, its terminal "b" is 

25 connected to the other end of resistor R4; its terminal 
"d" is connected to the switch controller 15a; and its 
terminal "e" is connected to the GND. 
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The ringing voltage generator 11a comprises a 
ringing signal bias voltage source lla-1 (e.g., -48V), a 
ringing voltage source 11a- 2 (i.e., the source of AC 
ringing voltage), and a resistor Rs (i.e., the source 
5 impedance of the ringing voltage source). One end of this 
resistor Rs is connected to the terminal "a" of the relay 
switch SW4, while the other end is connected to the 
ringing voltage source lla-2. The ringing signal bias 
voltage source lla-1 is connected in series with the 

10 ringing voltage source lla-2. 

The notation about the state of each relay switch 
SW1 to SW4 is as follows. The relay switch SW1 is said to 
be "ON" when the circuit between its terminals "swa" and 
"a" is closed, and "OFF" when that between "swa" and "b" 

15 is closed. Likewise, the relay switch SW2 is said to be 
"ON" when the circuit between its terminals "swb" and "a" 
is closed, and "OFF" when that between "swb" and "b" is 
closed. The relay switch SW3 is said to be "ON" when the 
circuit between its terminals "swc" and "a" is closed, and 

20 "OFF" when that between "swc" and "b" is closed. The relay 
switch SW4 is said to be "ON" when the circuit between its 
terminals "swd" and "a" is closed, and "OFF" when that 
between "swd" and "b" is closed. 

Referring next to the timing diagram of FIG. 3, 

25 the operation of the circuit of FIG. 2 will now be 
described below. In the present example, the ringing 
signal is defined as a repeated sequence of a ringing 
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period and a silent period. The duration of ringing is 1.2 
seconds throughout the sequence, while that of the silence 
is 2.8 seconds in the initial ringing cycle, and 3.0 
seconds in the cadence ringing cycles. Data transfer is 
5 confined within the silent period of the initial ringing 
cycle . 

The above -described duty cycle of the ringing 
signal is specified by a control signal C. More 
specifically, the control signal C directs the switch 

10 controller 15a (and other related function blocks) to send 
out the ringing voltage during each ringing period, and to 
provide a -48 V feed voltage to the telephone set 20 
during each silent period. In FIG. 3, these two states of 
the signal are distinguished by the labels "Ringing" and 

15 "Feeding." According to this control signal C, the 
proposed apparatus drives the subscriber line, changing 
its driving impedance depending on the usage of each 
silent period. During the silent period of the initial 
ringing, the subscriber line is driven with a low- 

20 impedance feed voltage to perform a data transfer. During 
the other silent periods (i.e., those in the cadence 
ringing cycles, during which no data transfer takes place), 
the subscriber line is driven with a high- impedance feed 
voltage . 

25 To accomplish the above state switching operation, 

the relay switches SW1 to SW4 will be controlled as 
follows . During the ringing period of the initial ringing 
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cycle, SW1 to SW4 are all set to the "ON" state. During 
the silent period of the initial ringing cycle, SW1 and 
SW2 are turned to "OFF," while SW3 and SW4 can be in 
either state (i.e., "Don't care"). During the cadence 
5 ringing cycles, the relay switches SW1 and SW2 are kept in 
the "ON" state, while the other relay switches SW3 and SW4 
are set to "ON" in each ringing period and to "OFF" in 
each silent period. As seen from FIG. 2, the resistors R3 
and R4 will be inserted in series between the telephone 

10 set 20 and SLIC 13a during the silent period of each 
cadence ringing cycle. This insertion of R3 and R4 raises 
the source impedance of power feeding to the subscriber 
line, which is what has been referred to as the "high- 
impedance feed." When R3 and R4 are not inserted, it is 

15 called the "low- impedance feed," and the feed voltage at 
that time is referred to as the "low- impedance feed 
voltage . " 

FIG. 4 shows the waveform of the resultant ringing 
signal that is produced by the circuit of FIG. 2, based on 

20 the timing chart of FIG. 3. As seen from FIG. 4, the 
waveform exhibits steep, discontinuous transitions at the 
beginning point (PI) and end point (P2) of the silent 
period in the initial ringing cycle. This is because the 
subscriber line is driven with a normal, low-impedance 

25 feed voltage. Accordingly, some impulse noises could be 
developed at these two points. In contrast, the waveform 
exhibits continuous transitions (as seen at the point P3) 



-16- 



in later silent periods because the high- impedance feed 
voltage is applied . 

According to the present invention, the proposed 
ringing signal sending apparatus is designed to supply the 
5 subscriber line with a feed voltage with a higher source 
impedance on during silent periods when there is no data 
to be transferred. This configuration suppresses the 
production of impulse noises, which is likely to occur 
between a ringing period and a silent period. 

10 Further, according to the present invention, the 

proposed ringing signal sending apparatus appropriately 
controls the relay switches SW1 to SW4 to connect the SLIC 
13a to the telephone set 20 only when a data transfer is 
scheduled. That is, a data transfer path is established 

15 only when it is needed. Recall that establishing a data 
transfer path means reducing the feed impedance, and this 
encourages the production of impulse noises. The proposed 
apparatus, however, limits the path establishment, thus 
reducing the chances of production of noises . 

20 FIG. 5 is a timing diagram which shows the ringing 

signal generation process where no data transfer is 
performed. The illustrated ringing sequence differs from 
what was described in FIG. 3 in that the silent period in 
the initial ringing cycle is not used for transferring 

25 data. In other words, the SLIC 13a never sends data to the 
telephone set 20. Accordingly, the subscriber line carries 
a ringing voltage during each ringing period and a high- 
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impedance feed voltage during each silent period, 
regardless of whether it is of the initial ringing cycle 
or cadence ringing cycle. 

To accomplish the above state switching operation, 
5 SW1 and SW2 are kept in the "ON" state throughout the 
ringing sequence. The other two relay switches SW3 and SW4 
are consistently driven to the "ON" state during ringing 
periods, and turned to the "OFF" state during silent 
periods . 

10 FIG. 6 shows the waveform of the resultant ringing 

signal that is produced according to the timing chart of 
FIG. 3. As seen from this FIG. 6, the ringing signal 
exhibits a continuous waveform throughout the initial and 
cadence ringing cycles. The subscriber line is 

15 consistently driven with a high- impedance feed voltage in 
the silent periods, which allows the signal waveform to 
vary smoothly even at the transition points (e.g., PI, P2, 
P3) between different line states. For this reason, 
impulse noises are unlikely to occur. 

20 Referring next to FIG. 7, a variation of the 

circuit configuration of FIG. 2 will be described below. 
This modified ringing signal sending apparatus 10a is 
different from the original ringing signal sending 
apparatus 10 (FIG. 2) solely in the electrical connection 

25 of its components. That is, the telephone set 20 is 
connected to one end of the resistor Rl, as well as to the 
terminal "c" of the relay switch SW1, through the tip wire 
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of the subscriber line. The other end of the resistor Rl 
is connected to the terminal "b" of the relay switch SW1 
and the terminal "c" of the relay switch SW3 . The 
terminals "a" and "e" of the relay switch SW1 are grounded, 
5 while the terminal "d" is connected to the switch 
controller 15a. Regarding the relay switch SW3, its 
terminal "a" is connected to one end of the resistor R3 
and the ground terminal (GND) of the SLIC 13a; its 
terminal "b" is connected to the other end of the resistor 

10 R3; its terminal "d" is connected to the switch controller 
15a; and its terminal "e" is grounded. 

The telephone set 20 is also connected to one end 
of the resistor R2, as well as to the terminal "c" of the 
relay switch SW2 , through the ring wire. The other end of 

15 the resistor R2 is connected to the terminal "b" of the 
relay switch SW2, as well as to the terminal "c" of the 
relay switch SW4. The terminal "a" of the relay switch SW2 
is connected to one end of the resistor Rs. The other end 
of the resistor Rs is connected to the ringing voltage 

20 source 11a- 2. The ringing signal bias voltage source 11a- 1 
and the ringing voltage source 11a- 2 are connected in 
series. Regarding the relay switch SW2, its terminal "d" 
is connected to the switch controller 15a, while its 
terminal "e" is grounded. The terminal "b" of the relay 

25 switch SW4 is connected to an end of resistor R4 . The 
other end of resistor R4 is connected to the terminal "a" 
of the relay switch SW4, as well as to the terminal "BATT" 
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of the SLIC 13a. Regarding the relay switch SW4, its 
terminal "d" is connected to the switch controller 15a, 
while its terminal "e" is grounded. 

FIGS. 8(A) and 8(B) show the difference between 
5 two switch control methods. More specifically, FIG. 8(A) 
shows a first set of switch control patterns which apply 
to the ringing signal sending apparatus 10 of FIG. 2. FIG. 
8(B) shows a second set of switch control patterns which 
apply to the modified ringing signal sending apparatus 10a 

10 shown in FIG. 7. 

The table of FIG. 8(A) summarizes the first set of 
switch control patterns. That is, to place an AC ringing 
voltage on the subscriber line, the relay switches SW1 to 
SW4 will all be rendered to "ON." To provide a low- 

15 impedance feed voltage to the subscriber line, the relay 
switches SW1 and SW2 should be turned to "OFF," no matter 
in which state the other relay switches SW3 and SW4 may be. 
To provide, in turn, a high -impedance feed voltage to the 
subscriber line, the relay switches SW1 and SW2 should be 

20 "ON," and the other relay switches SW3 and SW4 should be 
"OFF. " 

The table of FIG. 8(B) summarizes the second set 
of switch control patterns. That is, to place an AC 
ringing signal on the subscriber line, the relay switches 
25 SW1 and SW2 should be turned to "ON," no matter in which 
state the other relay switches SW3 and SW4 may be. To 
provide a low- impedance feed voltage to the subscriber 
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line, the relay switches SW1 and SW2 should be turned to 
"OFF," and the other relay switches SW3 and SW4 should be 
turned to "ON." To provide, in turn, a high -impedance feed 
voltage to the subscriber line, all the relay switches SW1 
to SW4 should be turned to "OFF." 

As seen from the above explanation, the two 
ringing signal sending apparatus 10 (FIG. 2) and 10a (FIG. 
7) share the same basic concept, although they use 
different switch control patterns. For this reason, the 
following explanation about the function of the feed 
impedance setting unit 14 will assume the circuit 
configuration of FIG. 2. 

The role of the feed impedance setting unit 14 is 
to provide a high- impedance feed voltage for driving the 
subscriber line. In the embodiment explained in FIG. 2, 
this function is realized by controlling the relay 
switches SW1 to SW4 in such a way that two resistors R3 
and R4 will be inserted in series with the GND and BATT 
circuits of the SLIC, respectively. 

There is an alternative implementation of the feed 
impedance setting unit 14 to yield the same result. FIG. 9 
is a schematic diagram of this alternative ringing signal 
sending apparatus 10-1, which comprises a resistor that is 
connected to its ringing signal bias voltage source lla-1. 
More specifically, one end of the resistor R3 is connected 
to the terminal "b" of the relay switch SW3, while the 
other end is connected to the ground. Further, one end of 



the resistor R4 is connected to the terminal "b" of the 
relay switch SW4, while the other end is connected to the 
ringing signal bias voltage source 11a- 1 in ringing 
voltage generator 11a. Other circuit connections are 
5 similar to what have already been described in FIG. 2. 

Another possible implementation is to insert a 
resistor at the output to the ringing voltage source 11a- 2 
in the ringing voltage generator 11a as shown in the 
schematic diagram of FIG. 10. In this modified ringing 

10 signal sending apparatus 10-2, one end of the resistor R3 
is connected to the terminal "b" of the relay switch SW3, 
while the other end is connected to the ground. One end of 
the resistor R4 is connected to the terminal "b" of the 
relay switch SW4, while the other end is connected at the 

15 junction point between the resistor Rs and ringing voltage 
source lla-2 in the ringing voltage generator 11a. Other 
circuit configuration is similar to what has already been 
described in FIG. 2. 

Still another possible implementation is to insert 

20 a resistor at the output of the ringing voltage generator 
11a to yield a higher impedance, as shown in FIG. 11. In 
this modified ringing signal sending apparatus 10-3, one 
end of the resistor R3 is connected to the terminal "b" of 
relay switch SW3, while the other end is connected to the 

25 ground. One end of the resistor R4 is connected to the 
terminal "b" of the relay switch SW4, while the other end 
is connected to the terminal "a" of the relay switch SW4 , 
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as well as to the output terminal of the ringing voltage 
generator 11a (or one end of the resistor Rs). Other 
circuit configuration is similar to what has already been 
described in FIG. 2. 
5 The proposed ringing signal sending apparatus 10 

and their variants can support a variety of ringing 
patterns. The following sections will present several 
example patterns and describe how they are processed. 

FIG. 12 shows a ringing signal pattern. This 

10 pattern PT1 is composed of fixed-length ringing periods 
and variable-length silent periods which appear 
alternately. While each ringing period is fixed to 1.6 
seconds throughout the entire sequence of initial and 
cadence ringing cycles, the silent period is 2.4 seconds 

15 in the initial ringing cycle and 2.6 seconds in the 
cadence ringing cycles. Microscopically, an intermittent 
ringing signal is generated in every ringing period, with 
a duty cycle of 0.4 seconds ON and 0.2 seconds OFF; the 
former is referred to herein as the "active ringing 

20 period," and the latter the "short interrupt period." The 
silent period of the initial ringing cycle is used to 
transfer data to the called telephone set. 

FIG. 13 is a timing diagram which shows how the 
proposed ringing signal sending apparatus 10 generates the 

25 above -described ringing signal pattern PT1 . The pattern 
PT1 is specified by a control signal C, so that the 
subscriber line will carry a ringing voltage in the active 
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ringing periods and supply a feed voltage in the short 
interrupt periods and silent periods throughout the entire 
sequence. According to this control signal C, the state of 
the subscriber line is switched from one to another. That 
5 is, the subscriber line will be supplied with: (1) the 
ringing voltage in each active ringing period throughout 
the entire ringing sequence; (2) the high- impedance feed 
voltage in every short interrupt period, as well as in 
each silent periods except for that in the initial ringing 

10 cycle; and (3) the low- impedance feed voltage in the 
silent period in the initial ringing cycle, during which a 
data transfer takes place. 

To accomplish the above state switching operation, 
the relay switches SW1 to SW4 will be controlled as 

15 follows. During the active ringing period of the initial 
ringing cycle, SW1 to SW4 are all set to "ON." During each 
short interrupt period in the initial ringing cycle, SW3 
and SW4 should be "OFF," while SW1 and SW2 keep their "ON" 
state. During the silent period in the initial ringing 

20 cycle, SW1 and SW2 are set to "OFF," while SW3 and SW4 can 
be in either state (i.e., "Don't care"). When the sequence 
enters the cadence ringing cycles, SW1 and SW2 are both 
turned to "ON" and kept in that state. SW3 and SW4, on the 
other hand, should be "ON" in each active ringing period, 

25 and "OFF" in short each interrupt period and silent period. 

As previously noted, the actual signal waveform 
may exhibit steep, discontinuous transitions at the 
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beginning and end points of the initial silent period 
because of its low- impedance power feeding, in contrast to 
smooth transitions in other silent periods with high- 
impedance power feeding . This characteristic also applies 
5 to the ringing pattern PT1 of FIG. 13. Refer to the 
earlier part of the description for details. 

FIG. 14 shows another ringing signal pattern. 
This pattern PT2 consists solely of cadence ringing cycles, 
each being composed of an active ringing period of 0.4 

10 seconds and a short interrupt period of 0.2 seconds. No 
data transfer is supported. 

FIG. 15 is a timing diagram which shows how the 
proposed ringing signal sending apparatus 10 generates the 
above-described ringing signal pattern PT2 . The control 

15 signal C directs that the subscriber will carry a ringing 
voltage in the active ringing periods and a feed voltage 
in the short interrupt periods . According to this control 
signal C, the state of the subscriber line is switched 
from one to another. That is, the subscriber line will be 

20 supplied with: (1) the ringing voltage in each active 
ringing period; and (2) the high- impedance feed voltage in 
every short interrupt period. 

To accomplish the above state switching operation, 
the relay switches SW1 to SW4 will be controlled as 

25 follows. That is, throughout a ringing sequence, SW1 and 
SW2 maintain their "ON" state. SW3 and SW4, on the other 
hand, are rendered to "ON" in each active ringing period. 
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and to "OFF" in each short interrupt period. 

Referring next to FIG. 16, still another ringing 
pattern will be described. This ringing pattern PT3 
differs from the other ones described so far in that it 
5 uses two silent periods to transfer data. They are: the 
silent period in the initial ringing cycle and that in the 
first cadence ringing cycle. FIG. 16 is a timing diagram 
which shows how the proposed ringing signal sending 
apparatus 10 generates the ringing signal pattern PT3. As 

10 FIG. 16 shows, the control signal C specifies that the 
subscriber line will carry a ringing voltage in ringing 
periods and a feed voltage in silent periods. According to 
this control signal C, the proposed apparatus drives the 
subscriber line with a low- impedance feed voltage in the 

15 first two silent periods to perform a data transfer. 
During the silent period in the second and later cadence 
ringing cycles, it drives the subscriber line with a high- 
impedance feed voltage, since no data transfer takes place. 

To accomplish the above state switching operation, 

20 the relay switches SW1 to SW4 will be controlled as 
follows. First, SW1 to SW4 are all set to "ON" and kept in 
that state until the ringing period of the initial ringing 
cycle is finished. When the subsequent silent period 
begins, SW1 and SW2 are turned to "OFF," while SW3 and SW4 

25 can be either state (i.e., "Don't care"). All the relay 
switches SW1 to SW4 are set to "ON" during each ringing 
period in the cadence ringing cycles. In the silent period 
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of the first cadence ringing cycle, SW1 and SW2 are set to 
"OFF," while SW3 and SW4 can be either state (i.e., "Don't 
care"). In each silent period of the second and later 
cadence ringing cycles, SW1 and SW2 should be "ON," and 
5 SW3 and SW4 should be "OFF," 

Referring next to the timing diagram of FIG. 17, 
yet another ringing sequence will be described below. 
Although its appearance resembles the ringing signal 
pattern discussed in FIG, 3, the ringing sequence 

10 illustrated in FIG. 17 is distinct in that a momentary 
high- impedance feed voltage is inserted at the beginning 
point and end point of the first silent period that is 
used to transfer data. 

The illustrated ringing signal carries data in the 

15 silent period of the initial ringing cycle. The control 
signal C specifies that the subscriber line will carry an 
AC ringing signal in ringing periods and feed a DC voltage 
supply in silent periods. According to this control signal 
C, the proposed apparatus supplies the subscriber line 

20 with a low- impedance feed voltage in the initial silent 
period to perform a data transfer. The apparatus also 
provides a momentary high- impedance feed voltage at the 
beginning point and end point of that silent period (i.e., 
when the ringing signal varies discontinuously ) . Further, 

25 the subscriber line is driven with a high- impedance feed 
voltage in each silent period of the cadence cycles, 
during which no data transfer takes place. 
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To accomplish the above state switching operation, 
the four relay switches SW1 to SW4 will be controlled as 
follows. That is, SW1 and SW2 are set to "ON" until the 
time point PI is reached, while SW3 and SW4 are set to 
5 "ON" until Pla. SW1 and SW2 are then turned to "OFF" at PI 
and kept in that state until P2, during which SW3 and SW4 
can be in either state (i.e., "Don't care"). To insert a 
momentary high impedance state, SW3 and SW4 should be set 
to "OFF" during two short periods, Pla to PI and P2 to P2a. 

10 After the time point P2, SW1 and SW2 are kept in the "ON" 
state, whereas SW3 and SW4 are alternately set to "ON" in 
each ringing period and to "OFF" in each silent period. 

The insertion of momentary high impedance state 
ensures that the ringing signal waveform will vary 

15 smoothly at any transitional point between ringing and 
silent periods, regardless of the execution of data 
transfer. This means that the ringing signal becomes 
entirely continuous, thus reducing the production of 
impulse noises more effectively. 

20 FIG. 18 is a timing diagram showing yet another 

ringing sequence, a modified version of the ringing signal 
pattern discussed in FIG. 13. This modified ringing 
sequence is distinctive in that momentary high- impedance 
power feeding is inserted at the beginning and end points 

25 of the silent period that is used to transfer data. 

The ringing signal pattern PT1 exploits the 
initial silent period to transport data. The control 
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signal C specifies that the subscriber will carry a 
ringing voltage in each active ringing period and a feed 
voltage in each short interrupt period. According to this 
control signal C, the ringing signal sending apparatus 
5 drives the subscriber line with a low- impedance feed 
voltage in the initial silent period to perform a data 
transfer. The apparatus also provides a momentary high- 
impedance feed voltage at the beginning and end points of 
that silent period. Further, it provides the subscriber 

10 line with a high -impedance feed voltage in each short 
interrupt period, as well as in each silent period in the 
cadence cycles, during which no data transfer takes place. 

To accomplish the above state switching operation, 
the four relay switches SW1 to SW4 will be controlled as 

15 follows. That is, both SW1 and SW2 are set to "ON" until 
the time point PI is reached. SW3 and SW4, on the other 
hand, are set to "ON" in each active ringing period and 
turned to "OFF" in each short interrupt period until the 
time point Pla is reached. In the data transfer period, PI 

20 to P2, SW1 and SW2 are set to "OFF," while SW3 and SW4 may 
be in either state (i.e., "Don't care"). To insert a 
momentary high impedance state, SW3 and SW4 are turned to 
"OFF" during two short periods, Pla to PI and P2 to P2a. 
After the time point P2, SW1 and SW2 are kept in the "ON" 

25 state. After the time point P2a (i.e., in the cadence 
ringing cycles), SW3 and SW4 are alternately set to "ON" 
in each active ringing period and to "OFF" in each short 
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interrupt period and silent period* 

As in the case of FIG. 17, the momentary high 
impedance power feeding permits the ringing signal 
waveform to vary smoothly at any transitional point 
5 between ringing and silent periods. This means that the 
ringing signal becomes entirely continuous, thus reducing 
the production of impulse noises more effectively. 

FIG. 19 is a timing diagram showing still another 
ringing sequence, a modified version of the ringing signal 

10 pattern discussed in FIG. 16. This ringing sequence is 
distinctive in that a momentary high- impedance feed 
voltage is inserted at the beginning and end points of the 
silent period that is used to transfer data. 

In this ringing sequence, data is transferred in 

15 the following two silent periods: the silent period in the 
initial ringing cycle and that in the first cadence 
ringing cycle. The control signal C specifies that the 
subscriber line will carry a ringing voltage in ringing 
periods and a feed voltage in silent periods. According to 

20 this control signal C, the ringing signal sending 
apparatus drives the subscriber line with a low- impedance 
feed voltage in the first two silent periods to perform a 
data transfer. The apparatus also provides a momentary 
high- impedance feed voltage at the beginning and end 

25 points of each of these silent periods. Further, it 
provides the subscriber line with a high- impedance feed 
voltage in the silent period of the second and later 
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cadence ringing cycles. 

To accomplish the above state switching operation, 
the four relay switches SW1 to SW4 will be controlled as 
follows. That is, SW1 and SW2 are set to "ON" until the 
5 time point PI is reached, while SW3 and SW4 are set to 
"ON" until Pla. During the first data transfer period, PI 
to P2, SW1 and SW2 are set to "OFF," while SW3 and SW4 may 
be in either state (i.e., "Don't care"). SW1 and SW2 are 
then turned to "ON" at P2 and kept in that state until P3. 

10 SW3 and SW4 , on the other hand, are set to "ON" in the 
ringing period from P2a to P3a. During the second data 
transfer period, P3 to P4, SW1 and SW2 are set to "OFF," 
while SW3 and SW4 may be in either state (i.e., "Don f t 
care"). SW1 and SW2 are then turned to "ON" at P4 and kept 

15 in that state until the end of the sequence. SW3 and SW4, 
on the other hand, are set to "ON" in each active ringing 
period, and to "OFF" in each silent period of the cadence 
ringing cycles after P4a. Additionally, SW3 and SW4 are 
turned to "OFF" to insert the following four momentary 

20 high impedance periods: Pla to PI, P2 to P2a, P3a to P3, 
and P4 to P4a. 

As in the case of FIG. 18, the momentary high- 
impedance power feeding permits the ringing signal 
waveform to vary smoothly at any transitional point 

25 between ringing and silent periods. This means that the 
ringing signal becomes entirely continuous, thus reducing 
the production of impulse noises more effectively. 
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The above discussion will now be summarized below. 
According to the present invention, the ringing signal 
sending apparatus is configured to supply the subscriber 
line with a high- impedance feed voltage in particular 
5 periods when impulse noises are likely to occur. Besides 
being implementable only with a few additional components, 
this feature effectively reduces the development of 
impulse noises on a subscriber line, as well as the 
interference or crosstalk to its neighboring channels. 

10 Another point of the present invention is that the 

proposed ringing signal sending apparatus sets up a data 
transfer path only when it is required. This feature 
minimizes the number of silent periods that will be 
brought into a low impedance state, thus reducing the 

15 development of impulse noises during the ringing sequence. 
Accordingly, the present invention improves the quality of 
telecommunication services . 

The foregoing is considered as illustrative only 
of the principles of the present invention. Further, since 

20 numerous modifications and changes will readily occur to 
those skilled in the art, it is not desired to limit the 
invention to the exact construction and applications shown 
and described, and accordingly, all suitable modifications 
and equivalents may be regarded as falling within the 

25 scope of the invention in the appended claims and their 
equivalents . 
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WHAT IS CLAIMED IS: 



1 . An apparatus for sending a ringing signal 

to notify a called terminal of the presence of an incoming 
5 call addressed thereto, comprising: 

ringing voltage generating means for generating a 
ringing voltage; 

ringing signal sending means for sending out a 
ringing signal over a subscriber line by outputting the 
10 ringing voltage with a predetermined duty cycle of a 
ringing period and a silent period; 

data transfer means for performing a data transfer 
to the called terminal over the subscriber line during one 
of the silent periods; 
15 feed impedance setting means for providing a high- 

impedance feed voltage; and 

feed impedance selection means for selecting a 
low- impedance feed voltage in the one of the silent 
periods during which the data transfer is performed, and 
20 selecting the high- impedance feed voltage in the other 
silent periods during which no data transfer is performed. 

2 • The apparatus according to claim 1 # 

further comprising path set-up means for establishing a 
25 path to the called terminal only when the data transfer is 
scheduled. 



3 • The apparatus according to claim 1 , 

wherein said feed impedance setting means provides the 
high- impedance feed voltage by inserting a predetermined 
resistance in series with a power source in a subscriber 
5 line circuit (SLIC). 

4 . The apparatus according to claim 1 , 

wherein: 

said ringing voltage generating means comprises a 
10 ringing voltage source and a ringing signal bias voltage 
source; and 

said feed impedance setting means comprises a 
resistor coupled to one of said ringing voltage source, 
said ringing signal bias voltage source, and said ringing 
15 voltage generating means itself. 

5 . The apparatus according to claim 1 , 
wherein said feed impedance selection means selects the 
high- impedance feed voltage during a short interrupt 

20 period which is contained as part of the ringing period* 

6 . The apparatus according to claim 1 , 
wherein said feed impedance selection means selects the 
high- impedance feed voltage for a predetermined period at 

25 the beginning and end of the one of the silent periods 
during which the data transfer is performed. 
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7 . An apparatus for sending a ringing signal 
to inform a caller of the presence of an incoming call 
addressed thereto, comprising: 

ringing voltage generating means for generating a 
5 ringing voltage; 

ringing signal sending means for sending out a 
ringing signal over a subscriber line by outputting the 
ringing voltage with a predetermined duty cycle of a 
ringing period and a silent period; 
10 feed impedance setting means for providing a high- 

impedance feed voltage; and 

feed impedance selection means for selecting the 
high- impedance feed voltage in the silent period to drive 
the subscriber line. 

15 

8 . The apparatus according to claim 7 , 
wherein said impedance selection means selects the high- 
impedance feed voltage during a short interrupt period 
which is contained as part of the ringing period. 

20 



-5T- 



ABSTRACT OF THE DISCLOSURE 



An apparatus which produces a ringing signal for a 
telephone system, effectively suppressing impulse noises . 
5 A ringing voltage generator produces a ringing voltage. A 
ringing signal sending unit sends a ringing signal to the 
called telephone terminal over the subscriber line by 
outputting the ringing voltage intermittently. This 
ringing signal consists of ringing periods and silent 

10 periods which will appear alternately with a prescribed 
duty cycle. One of those silent periods is used by a data 
transfer unit uses to transport data to the called 
terminal. A feed impedance setting unit provides a feed 
voltage with a higher source impedance. A feed impedance 

15 selection unit selects a low-impedance feed voltage in the 
one of the silent periods during which a data transfer is 
performed, and selects a high -impedance feed voltage in 
the other silent periods during which no data transfer is 
scheduled. 

20 
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(B) RINGING SIGNAL SENDING APPARATUS 10a 
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Declaration and Power of Attorney For Patent Application 
Japanese Language Declaration 



As a below narr. .d inventor I hereby declai *hat: 



%<r>fc&i* &*??£L Mft&T&OtfL(nBz%oy&&VM£h My residence, post office address and citizenship are as stated 

fciS *) "Ci". t next to my name. 

T3E«^fr»«^^*CiSgL"CjS^fcESfc3C*2$iX, #HFrttlS I believe I am the original, first and sole inventor (if only one name 

LTV»5#W?#K:ov*T\ &#fc#ja*orf— <0#*8# (T is listed below) or an original, first and joint inventor (if plural 

3E«ft£dS ^>£0^^> 5 fcL<tt*aia*-3#M«ifl#-C*>a names are listed below) of the subject matter which is claimed and 

£ <To2<73£^d s ?£;gc£)1£-rV) fSUTV**"t*. for which a patent is sought on the invention entitled 

APPARATUS FOR SENDING RINGING SIGNAL 



flirt. il&muiji£ft$3 -fcJSi&S fi 



the specification of which is attached hereto unless the following 
box is checked: 



□ was filed on 

as United States Application Number or 
PCT International Application Number 

and was amended on 

(if applicable). 



I hereby state that I have reviewed and understand the contents of 
the above identified specification, including the claims, as 
amended by any amendment referred to above. 



I acknowledge the duty to disclose information which is material to 
patentability as defined in Title 37, Code of Federal Regulations, 
Section 1.56. 



Page 1 of 3 
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Japanese Language Declaration 

(B#MlT») 



ff,J±. *Was»S5 3 5fSl 1 9^ (a)-(d}J»*Xii3 6 5 3? 

&Lri*a«irM8;rj&ft 3 6 5 (a)%nz&-r<m&tmm, x 

Tic. *nLTv^1% 



Prior Foreign Application(s) 

11-314596 

(Number) 
{*») 

(Number) 
<**) 



Japan 



{Country) 



(Country) 



(Application No.) 



(Filing Date) 
(tKJS0) 



*w«itf5*a*aH<7)rtaca$*ia^n*3 s*i 1 2& 

T?W*W«t»K:XqiSfvfc. 2g&«Uijj£Ag3 7*1*5 G3t 



(Application No.) 



(Application No.) 



(Filing Date) 
(JHMH) 

(Filing Date) 



W *m%X'b >) . a*ofio> L few* i C5i;% 



I hereby claim foreign priority under Title 35, United States Code, 
Section 119 (a)-(d) or 365(b) of any foreign application^} for patent 
or inventor's certificate, or 365(a) of any PCT International 
application which designated at least one country other than the 
United States, listed below and have also identified below, by 
checking the box, any foreign application for patent or inventor's 
certificate, or PCT international application having a filing date 
before that of the application on which priority is claimed. 

Priority Not Claimed 
ff L 

05/11/99 



{Day/Month/Year Filed) 
(ffiBHM B ) 



□ 



(Day/Month/Year Fiied) 

<ffi*W-Jie) ° 

I hereby claim the benefit under Title 35, United States Code, 
Section 119(e) of any United States provisional application(s) listed 
below. 



(Application No.) 



(Filing Date) 
(rHJBB) 



I hereby claim the benefit under Title 35, United StMes Code, 
Section 120 of any United States application^), or 365(c) of any 
PCT International application designating the United States, listed 
below and, insofar as the subject matter of each of the claims of 
this application is not disclosed in the prior United States or PCT 
International application in the manner provided by the first 
paragraph of Title 35, United States Code Section 112, I 
acknowledge the duty to disclose information which is material to 
patentability as defined in Title 37, Code of Federal Regulations, 
Section 1.56 which became available between the filing date of the 
prior application and the national or PCT International filing date of 
application. 

(Status: Patented. Pending. Abandoned) 

(Status: Patented, Pending, Abandoned) 

I hereby declare that all statements made herein of my own 
knowledge are true and that all statements made on information 
and belief are believed to be true; and further that these 
statements were made with the knowledge that willful false 
statements and the like so made are punishable by fine or 
imprisonment, or both, under Section 1001 of Title 1S of the 
United States Code and that such willful false statements may 
jeopardize the validity of the application or any patent issued 
thereon. 
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Japanese Language Declaration 



POWER OF ATTORNEY; As a named inventor, I hereby appoint 
the following attorney(s) and/or agent (s) to prosecute this 
application and transact all business in the Patent and Trademark 
Office connected therewith (list name and registration number) 



Aaron B. KARAS, teg. Nd. 18,923; Samson HELROTT, 
teg. No. 23,072 and Iecnard 03QFER teg. No.27,625 

Send Correspondence to: 
HELR30IT & KARAS, P.C. 
Btpire State Buildijng, 60th Floor 
New Yack, New Ycck 10118 
Chited States of Aterica 



Direct Telephone Calls to: (name and telephone number) 

tfalfgott & Karas, P.C. 
(212) &CQ-5000 







Full name of sole or first inventor 

Takashi NAKANO 






Inventor's signature - a Date 
QaAojll. yljJLiLHjfr' Sept. 7, 2000 






Residence 






Kanaaawa , Japan 






Citizenship 






Japanese 






Post Office Address C / Q FUJITSU DIGITAL 
TECHNOLOGY LIMITED, 3-9, Shinyokohama , 


^ch,qme f Kohoku-ku, -Yokohama Tsfei-? 
Kan ; aga,wa, 222-0033 Japan 






Full name of second joint inventor, if any 






Second inventor's signature Date 






Residence 


®f§ Citizenship 






Post Office Address 





(3R ^&&<Dl$ffi IC 01 * X t> fpj£cf£a2;l£ L , 5: "t" (Supply similar information and signature for third and subsequent 

5wi) joint inventors.) 
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THE UNITED STATES PATENT AND TRADEMARK OFFICE 



In re the Application of: Takashi NAKANO 

Filed : Concurrently herewith 

For : APPARATUS FOR SENDING RINGING SIGNAL 

Serial No. : Concurrently herewith 

September 28, 2000 

Assistant Commissioner of Patents 
Washington, D.C. 20231 

SUB-POWER OF ATTORNEY 

SIR: 

I, Samson Helfgott, Reg. No. 23,072 attorney of record 
herein, do hereby grant a sub-power of attorney to Linda S. 
Chan, Reg, No, 42,400, Jacqueline M. Steady, Reg. No., 44,354, 
Harris A. Wolin, Reg. No. 39,432 and Brian S. Myers, Reg. No. 
46,947 to act and sign in my behalf in the above-referenced 
application. 

Resp^tf u-ULy Submitted, 




Samson Helfgott 
Reg. No. 23,072/ 



HELFGOTT & KARAS, P.C. 
60th FLOOR 

EMPIRE STATE BUILDING 
NEW YORK, NY 10118 
DOCKET NO. : FUJR17 . 774 
LHH: power 



Filed Via Express Mail 
Rec. No. :EL522335526US 



On: September 28, 2000 



By: Lydia Gonzalez 



Any fee due as a result of this paper, 
not covered by an enclosed check may be 
charged on Deposit Acct. No. 08-1634. 



